Polysomy 49,XXXXY is a rare sex chromosome aneuploidy syndrome characterized by mental retardation, severe speech impairment, craniofacial abnormalities, multiple skeletal defects and genital abnormalities. We describe a patient with 49,XXXXY syndrome who had many characteristics of Fraccaro syndrome; language impairment, mongoloid slant, epicanthal folds, cryptorchidism, umbilical hernia and dysmyelinization in his brain. A GTG-banding technique was used for karyotype analysis of peripheral blood cell cultures. The parental origin of polysomy X was identified by using quantitative fluorescent polymerase chain reaction (QF-PCR) with seven short tandem repeat (STR) markers specific for the X/Y-chromosome which revealed that all the X-chromosomes were of maternal origin. This report provides evidence for successive non disjunctions in maternal meiosis I and II.
INTRODUCTION
The tetrasomy X (49,XXXXY) syndrome is a rare X-chromosome polysomy with an estimated incidence of 1 in 85,000 male births [1] . The chromosomal constitution and clinical findings were described by Fraccaro et al. in 1960 [2] . Tetrasomy X has been considered as the most severe variant of Klinefelter's syndrome which is a common sex chromosomal abnormality caused by the presence of one additional X chromosome in males and has a prevalence of 1 in 500 [1] [2] [3] [4] . The most common sex chromosome aberrations in live births are 47,XXY, 47,XXX, and 47,XYY [5] . However, rare syndrome variants with X and Y polysomy, mosaicisms and aberrant chromosomes have been reported, including 48,XXXY, 48,XXYY, 49XXXXY, 47,XXY/ 48,XXXY and 48,XXXY/49,XXXXY [6, 7] . The clinical features of Klinefelter' syndrome are variable but often include infertility, gynecomastia, eunuchoidism, small testes and penis and hypergonadotropic hypogonadism. The extra X chromosome in these patients accounts for the clinical phenotype, but this ranges from mild (only infertility) to more severe with physical anomalies and mental retardation. The classical features of 49,XXXXY syndrome are growth and mental retardation, severe speech impairment, multiple skeletal defects, and dental, craniofacial and genital abnormalities. These patients have also phenotypic similarities such as strabismus, microcephaly, epicanthal folds, hypertelorism, cleft palate and heart disease PARENTAL ORIGIN OF A POLYSOMY 49,XXXXY [2, 8, 9] . We studied a patient with the 49,XXXXY karyotype, verified and identified by quantitative fluorescent polymerase chain reaction (QF-PCR) amplification of seven short tandem repeat (STR) markers located on X and Y chromosomes, and two additional regions (AMXY for X and Y, and SRY for Y chromosomes).
PATIENT AND METHODS
A 6-year-old boy, the first child of healthy and unrelated parents (mother 35 years old and father 40 years old), and had two healthy siblings. He was born after 40 weeks of normal gestation. Birth weight was 2,950 g and length 52 cm. There was no family history of intellectual handicap or mental illness. He was referred to the Department of Pediatrics (Çukurova University, Adana, Turkey) because of development and speech delay concerns. He had patent ductus arteriosus in infancy, which had closed. No other sibling had similar features. There were no complications at birth but his psychomotor milestones were always behind those of his peers. He weighted 14 kg (45p for age, 'p' for percentile) and was 94 cm (45p for age) long. He was motor retarded, but showed no signs of aggressive behavior. He had mongoloid slant, epicanthal folds, cryptorchidism and umblical hernia, delayed tooth eruption and peg-shaped teeth. His hemogram, serum electrolytes and urine amino acids were normal. Magnetic resonance imaging of the brain showed no myelinization.
A GTG banding procedure was used for the analysis of metaphase chromosomes on peripheral blood cell cultures of the family. Twenty metaphases were analyzed microscopically.
Quantitative fluorescent PCR was used for identification of the parental origin of the extra X chromosomes. DNA was extracted from blood samples of the patient and his parents using InstaGene™ Matrix (Bio-Rad Laboratories, Hercules, CA, USA). The QF-PCR amplifications were performed using Aneufast™ (Molgentix SL, Barcelona, Spain) trisomy detection kit which includes fluorescently-labeled primers for 27 predefined STR marker sites on chromosomes 13, 18, 21, X (DXYS218, SBMA, DXS6803, DXS6809, HPRT, DXS8377 and X22) and Y (DXYS218 and X22), and primer pairs for AMXY (at Xp22.1-22.3 and Yp11.2) and SRY (at Yp11.2) regions. The kit also contains dNTPs and HotStart Taq DNA polymerase in an optimized reaction buffer. Two µl of the DNA (5-10 ng) and 3 µL of PCR-grade water were added to 10 µl of each of the master mixes. After initial denaturation at 95°C for 15 min., amplification was achieved by 28 cycles of 95°C for 40 seconds, 58°C for 80 seconds and 72°C for 40 seconds, and final extension was for 30 min. at 60°C. The QF-PCR products (1.5 µL from each mix) were added to 40 µL Hi-Di™ Formamide (Applied Biosystems, Foster City, CA, USA) containing 0.3 µL of GeneScan™ -500 LIZ™ (Applied Biosystems) size standard. After denaturation at 95°C for 3 min., the mixture was cooled to 4°C and then capillary electrophoresis was carried out on an ABI PRISM™ 310 Genetic Analyzer (Applied Biosystems) using POP4 polymer. Analysis of the results was performed using GeneMapper 4.0 software (Applied Biosystems).
By means of the fluorescent primers, the amplified segments could be visualized and quantified as peak areas on automated DNA scanners. As the amount of PCR product was proportional to the initial amount of target DNA, normal heterozygous subjects were expected to show two equal peak areas (ratio 1:1) for each chromosome analyzed. In the case of aneuploidy of a chromosome, the ratio would change according to the change in number of a chromosome [10, 11] .
The parental origin of the aneuploidy was determined by comparision of the STR alleles of the patient and his parents. Meiotic division errors in meiosis I or meiosis II were inferred on the basis of non reduction/reduction stage of the chromosome by comparision of the proximal (pericentromeric) markers. If parental heterozygosity was retained in the aneuploidic child, we concluded that the error occurred during meiosis I, and if parental heterozygosity was reduced to homozygosity, we concluded that the error occurred during meiosis II or in post-zygotic mitosis. Mitotic errors were distinguished from meiosis II by evaluation of medial and distal markers. If homozygosity was not observed at all informative loci, including at least one each in proximal, medial, and distal portions of the chromosome, a post-zygotic origin was inferred. If homozygosity was observed at one or more loci, the error was assigned to meiosis II [11] [12] [13] [14] [15] .
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RESULTS
While mother, father and brothers had normal karyotypes, the patient had a 49,XXXXY chromosome constitution (Figure 1 ). We inferred that the polysomy appeared to be due to de novo non disjunction of the X-chromosomes. After evaluation of nine regions specific to X and Y chromosomes, the origin of the extra chromosomes was revealed.
Comparison of the area of the peaks (Figure 2) for the patient and his parents showed an imbalance between his X and Y chromosome in the AMXY and DXYS218 regions (ratios 4:1), indicating his tetra X constitution. All X chromosome-specific STR markers of the patient were inherited from his mother and heterozygosity of these markers was retained at proximal, medial and distal regions of the extra chromosomes. These are the expected outcomes for non disjunctions in both M I and M II.
DISCUSSION
The 49,XXXXY syndrome has not been reported to be associated with maternal age or a hereditary disease [4] . The extra X chromosomes result sporadically from either meiotic non disjunction where a chromosome fails to separate during the first or second division of gametogenesis or from mitotic non disjunction in the developing zygote. The likelihood of X chromosome non disjunction increases with advancing maternal age. It is believed the that 49,XXXXY syndrome occurs during maternal non disjunction both in meiosis I and II [15, 16] . In our patient, all the X chromosome-specific STR markers we tested for were inherited from his mother and heterozygosity was retained in all regions (proximal, medial and distal regions) of all. These are the expected conditions of non disjunction in both meiosis I and meiosis II. Molecular genetic analyses using polymorphic DNA markers have enabled the study of non disjunction of fetal aneuploidy and the determination of parental origin and cell stage errors at meiosis I or II [11,13-15].
The common presentations of the 49,XXXXY syndrome during early infancy have included variable combinations of craniofacial dysmorphism, abnormal genitals and delayed developmental milestones that lead to chromosome karyotyping [4, 9, [18] [19] [20] . Our patient had classical facial features of the 49,XXXXY syndrome. Whereas coarsening of facial features has been reported to occur later in life [19] , these were evident very early in our patient. Also newborns with the 49,XXXXY syndrome were reported to have below average lengths and weights at PARENTAL ORIGIN OF A POLYSOMY 49,XXXXY birth, and demonstrated significant catch-up growth in later gestation [4, 20] . In our patient, the growth parameters were appropriate for his gestational age, but he failed to thrive thereafter. Multiple skeletal anomalies, with radioulnar synostosis in particular, present in our patient, are characteristic of the 49,XXXXY syndrome [4, 18] . The addition of more X chromosomes in polysomy X males results not only in infertility, but also in hypoplastic and undervirilized genitalia [18] . The majority of patients with 48,XXXY and 49,XXXXY syndromes have been reported to have small testes (94%), small penis and hypoplastic scrotum (80%) cryptochidism (30%) and ambiguous genitalia [21] . Mental retardation is anticipated to be a major problem in this patient. A direct relationship between the number of supernumerary X chromosomes with phenotypic abnormalities and mental retardation has been reported, the severity of mental retardation increasing with each additional X chromosome [18, 21] . Patients with 49,XXXXY syndrome have varying degrees of mental retardation [22] . Our patient has developmental delay and showed speech and articulation problems. These findings are in agreement with the important delay in language development and reading difficulties before adolescence that has been seen in patients with sex-chromosomal abnormalities [23, 24] .
We conclude that the 49,XXXXY syndrome is different from the Klinefelter's syndrome in many ways. Chromosome karyotyping is warranted in the presence of facial dysmorphism or other somatic abnormalities, to exclude underlying sex chromosomal aneuploidy disorders such as the 49,XXXXY syndrome. Evaluation of exceptional instances of segre- 
